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Abstract — In this paper, we examine the role network 
topology play in the geographic routing decision and its 
performance. Much of the work carried out on geographic 
routing in current decade to navigate data in localized 
networks. In ideal environment, it has been verified to provide 
significant performance improvement over stringently 
address-centric routing approaches. Geographic routing 
protocol's great benefit is its dependence only on information 
of the forwarding node's immediate neighbors. The global 
view required is negligible and reliant on the density of nodes 
in the localized network, not the network size or number of 
destination nodes in the network. Our work is distinguished 
from most previous studies of geographic routing in this we 
consider the degree of on intermediate nodes in a path chosen 
by routing decision process, not just the network density. We 
examine several geographic properties including the 
possibility of deciding specific geographic path along a specific 
topology and effect of degree of a node in a path. Our analysis 
shows that routing performance depends on the network 
topology, and tends to be better when path traverse from 
medium node degree path. 

Index Terms — Routing, network protocols, performance 
analysis, wireless sensor networks 

I. Introduction 

Localized distributed Wireless sensor networks (WSNs) 
are increasingly becoming vital to the development of 
smart environments. These networks play a crucial role in 
modern day systems, as they aid in the mechanization of 
transport systems, architectural constructions, industrial 
processes, as well as in home appliances [1]. 

Geographic routing has been introduced in localized 
networks i.e. network in which nodes aware about own 
location, and mostly applicable in wireless ad hoc and 
sensor networks. Geographical routing [2], [3], [4] has 
been popular in current decade for localized networks with 
advantage that the nodes are not necessary to maintain 
storage for finding route, and can make simple forwarding 
decisions for traffic based on the locations of its 
neighboring nodes without much of communication 
overhead. Because geographic routing does not need a 
route management procedure, it carries minimum 
communication and computing overhead compared to other 
off-line routing schemes such as proactive, reactive, and 
hybrid routing protocols. In general, geographic routing 
forwards a packet in greedily manner wherever possible. 
Each packet is moved with the location of its destination 
and assumes that all nodes know their own locations in the 
network space. A node forwards a packet to it's a neighbor 
that is geographically nearest to the destination node. Local 
minimum may exist where packet forwarding node is 
nearer to the destination than its neighbors. In such cases, 
greedy approach fails and a supplement strategy must be 
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considered to continue making move toward the destination 
[8]. In this case, the fluctuation in the forwarding mode i.e. 
greedy and supplement mode, could cause much delay and 
degrade overall performance. Usually, geometric routing 
utilizes GPS (Global Positioning System) location 
information or other localization techniques [5] to decide 
the locations of the nodes. Due to its simple forwarding 
mechanism, geographic routing almost perfectly finds the 
route in dense networks where the possibility of finding a 
forwarding node is comparatively high. However, 
geographic routing experiences degraded performance in 
sparse networks where the possibility of finding route is 
comparatively low [4]. Since network topology described 
with node degree in WSNs but in case of geographic 
routing, specific path select by it is more significant than 
entire topology of the network. To define geographic 
routing path, we characterize it with an attribute, path 
degree. It is define as the ratio of the summation of degree 
of intermediate nodes to the number of intermediate nodes 
present between the source-destination of the route. The 
path degree reflects the possibilities to choose different 
route per intermediate node. 

In this paper, we present analysis of topological 
properties on a simplified, abstract model of geographic 
routing interconnectivity and circuitousness of the route 
determined by it. Our results indicate that the higher path 
degree route is an important contributor to circuitous 
routing. Our study of circuitousness of geographic routing 
routes provides some insight into the routing decisions 
based on geometric structures. Although circuitousness 
may not forever relate to routing performance, it can often 
be a view of a routing problem with geometric structure 
that deserves more careful examination. 

The structure of rest paper as follows. In Section 2, we 
present a geographic routing network model and describe 
the modified greedy-compass routing scheme which we 
used for analytical study. In Section 3, we provide the 
reasoning of topological changes in localized WSNs that 
affect the geographic routing performance. Section 4 
provide in depth analysis of circuitousness of routes and 
provide understanding of relation between path degree and 
distance. We also find the correlation between delay and 
location of nodes in a network. Lastly, we conclude our 
simulation analysis work. 

II. Background 



A. Connectivity and Topology Dynamics 

In this Section, we provide the reasoning for 
topology changes due to connectivity properties and 
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Figure 1. Different radio link models for Node's neighborhood: 

(a) perfect unit disk connectivity, (b) switched links (irregularity), 

(c) unreliable links how the caption is centered in the column. 



protocol-level properties of WSNs. We broadly classify 
the reasons of changes in the topology in following 
categories: 

B. Irregular radio range: 

Connectivity is an important feature for WSNs to 
provide the nodes with the competence of communicating 
with one or many sinks. In most of the literature, radio 
links are considered as ideal, that is, without transmission 
errors. To maintain this assumption, the reception threshold 
should be sufficiently high to assurance that radio links 
have a small transmission error possibility. As an effect, all 
unreliable links are dismissed in this scenario. This 
approach is sub-optimal concerning power consumption for 
the reason that unreliable links should allow to decrease 
either the transmission energy or the number of active 
sensor nodes. 

C. Sensor node state: 

The routing path failure may happen during packet 
transmission because of node dying out (no battery), 
collision, node busy, node sleep mode, or other accidents. 
In general, sensor nodes are static; although may be some 
sensor nodes are mobile according to the application's 
nature. Even if of all nodes are static, the network topology 
changes over time, because nodes usually perform 
functioning in duty-cycle, with sleeping and awake phase 
to reduce consumption of energy. Thus, the network 
topology formed by active sensors changes as they 
transform their state over time period. 

ni. Geographic Routing model 

In this section, we discuss the details of our localized 
network model and the prominent aspects of geographic 
routing schemes. We also provide a geographic routing 
scheme related to the discussion in this paper. This is a 
node-disjoint multipath geographic routing scheme. 

A. Localized Network Model 

We use a location-aware model for network in which 
finite number of nodes are placed in a finite dimensional 
terrain and all nodes have identical radio transceiver and 
communicate within a range R . For the geometric 
abstractions to be used, assume the network, a set of 



that illustrate the network topology by way of a graph 
G(v,e)- In the case of ranges associated with a certain 
edge, therefore we assigning a weight based on distance, to 
every edge e = (v , v ) connecting the vertices V andv . 

We consider location of nodes in the traditional way, 
position are usually viewed as three-dimensional 
coordinates [x, y, z) in a Cartesian reference coordinate 
space. Of course, many other transformations to other 
coordinate systems (e.g. polar coordinates) are equivalent, 
but the Cartesian system will be considered here. In a 
three-dimensional system, the Euclidean distance between 

two point V and V in our space is defined by: 



x p -x q ) 2 +{y p -y q ) 2 +{z„-z q ) 2 ■ 



If 



and V communicate 



dis h\ v „> v q 

distiy^v^R than node V 

directly and consider as neighbor of each other. We also 
modeled some WSNs constraints like low energy that is a 
major reason of topological changes. Each node in the 
network has own batteries as energy source. Each sensor 
node can have three different states; active, sleep, and dead. 
Our main focus active and sleep states because these states 
affect the topology of the network and fluctuate the 
connection between nodes. We assume that all nodes know 
own location by some localization algorithms [4] or GPS 
device. This assumption is realistic in a sensor network due 
to its application nature, nodes need to be know their own 
locations when reporting sensed data; the packets are 
generally sent back to a known sink position, or to a 
position specified in a broadcast query message, generally 
destination of maximum packets in the localized sensor 
network. We also modeled some WSNs constraints like 
low energy that is a major reason of topological changes. 
Each node in the network has own batteries as energy 
source. 

B. Geographic Routing 

The communication overhead to gather routing 
information is considered one of the main serious scaling 
limitations of our major communication technologies 
including wireless ad hoc and sensor networks. In Jon 
Kleinberg model [9], each node resides in a coordinate 
space, in addition of being part of the global network 
topology. Within this coordinate space each node has 
abstract information about the destination to navigate 
information into a network. This abstract information also 
views in geometric routing system. The geometrical 
properties of the wireless sensor networks permit 
navigation of information with the help of some geometric 
structures and local network topology information. In 
geometric routing protocol, the decision on to which node 
to route a packet is based only on: (a) Own location 
information, (b) Destination node location that mention in 
the header of the packet. This includes the source- 
destination information of the packet, and (c) The local 
topology knowledge information collected by the node 
from one-hop neighbors of the node. 
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This subsection summarizes some localized geometric 
routing protocols presented in the networking and 
computational geometry literature. 

Compass Routing: Let d be the destination node. 
Current node u finds the next relay node v such that the 
angle Zvud is the smallest among all neighbors of u in a 
given topology [12]. 

Greedy Routing: Let d be the destination node. Current 
node U finds the next relay node V such that the distance 

vd is the smallest among all neighbors of U in a given 
topology [7]. 

Greedy-Compass Routing: Current node U first finds 

the neighbors V i and V 2 such that V l forms the smallest 

counterclockwise angle Zduv t and V 2 forms the smallest 
clockwise angle Zduv 2 among all neighbors of U with the 
segment ud . The packet is forwarded to the node of 
{ Vj , V 2 } with minimum distance to d [10]. 

In any real-time network phenomena, a node requires 
some metrics to navigate the information. These metrics 
can be measured by either using knowledge of entire 
network or using local knowledge of particular node. For 
our study, we consider a geographic routing protocol, i.e. 
geographic node-disjoint path routing protocol (GNPR) [6]. 
This protocol is multipath in nature and it uses two 
attributes for routing decision, i.e. direction and distance 
simultaneous. These attributes used in compass and greedy 
routing, respectively. 

Given three location information; own, neighbors and 

destination, the node can find two nodes V l and V 2 with 
smallest angle Zduv 1 and Zduv 2 and route greedily by 

choosing either V l or V 2 , which is nearest in means of 
Euclidian distance, to the destination in the coordinate 
space. When the procedure fail to determine route while 
void condition arise, it revert back to previous hop node 
and start route discovery with other next better option and 
summarized node where void condition occur for further 
path discovery. After discover sufficient node disjoint 
paths, it optimizes the path with some parameter like 
minimum path length or minimum end-to-end delay. The 
procedure of one iteration of GNPR is: 
GNPR (source ^location, neighbor _list, destination_location) 

0. Begin at source node s and start to explore the path 
{path_identifier) to destination t . 

1. CR: Select two nodes (u, v) that minimize the angle 
Zsut and Zsvt ■ 

2. GR: Proceed to the neighbor in (u, v) that closest to t. 

3. If no neighbor is available other than previous hop node 
w at node x: 

a. Revert back to node w and summarized node x as 
block node. 

b. Select next greedy-compass choice rather than x. 

4. Repeat step 1-3 till path s to t discover. 




a 



Figure 2. Geographic path for calculation of path degree. 

IV.METHODOLOGY AND SIMULATION RESULTS 

The aim of this simulation work is to study the effect of 
path degree on geographic routing performance. This study 
is focused on the results based on the gathered network 
path data using a simulated network environment. We are 
investigating the dynamic properties of sensor network 
(e.g., how routes change over time due dead mode or sleep 
mode by some energy saving scheme), so we only trace a 
single snapshot of the localized network path between a 
specific pair of nodes. Geographic routing makes decision 
of next forwarding node on basis of local topology at 
particular time (online nature); therefore it is not probable 
that several of the routes in collected data are dead paths at 
the time of our measurement. 

Since network topology characterize with average node 
degree in the network but in case of geographic routing, 
specific path select by it, is more significant than entire 
network topology. To evaluate topology impact on 
performance, we characterize the geographic route with 
path degree. It is define as the ratio of the summation of 
degree of intermediate nodes to the number of intermediate 
nodes present between the source-destination of the route. 
The path degree reflects the possibilities to choose different 
route per intermediate node. We characterize a metric, 
distance fraction for analysis of the network topology. It is 
a fraction of the Euclidian distance of a route to the 
geographic distance between the source-destination pair of 
the route. The distance fraction reflects the degree to which 
the network route between two sensor nodes deviates from 
the straight geographic route between the nodes. A fraction 
of one would demonstrate a perfect match while a large 
fraction would show a circuitous route. 
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Figure 3. CDF of distance fraction to different path degree routes. 
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Minimum RTT (m 



Figure 4. CDF of minimum end-to-end RTT to different path 
degree routes. 

Using GNPR protocol, we find out all node disjoint 
paths for every source to destination. These node-disjoint 
paths classified by the path degree. This difference between 
the three groups of source nodes is imitated in the 
cumulative distribution function of the distance fraction for 
the three cases of path degree selection. As shown in Fig. 1, 
the distance fraction tends to be the smallest for routes that 
have higher path degree and the largest for routes that have 
medium path degree because of path degree route with 5 to 
10 has less concavity. 

Finally, we analyze the correlation between path degree 
and the end-to-end delay along a route. Though path degree 
by itself cannot present any information about several 
performance characteristics like congestion along a path, 
bandwidth, the linearized distance of a route does impose a 
minimum delay along a route. Fig. 2 illustrates the 
relationship of the minimum RTT along a route to the path 
degree of a route and the geographic distance between the 
end-nodes. We make two vital observations. First, at small 
values of the path degree there exists correlation between 
the delay and path degree for a large fraction of end-nodes 
especially for small values of path degree. Second, 
linearized distance along a route does impose a minimum 
end-to-end RTT that is an important performance metric 
for real-time latency sensitive applications. 

Conclusions 

In this paper, we have discussed a simulation study for 
examining the impact of network connectivity and 
topology on geographic routing performance. Under this, 
the effect of the geographic locations and network topology 
of end-nodes on the circuitousness of route is studied. The 
results provide the understanding of circuitousness of 
routes discovered by geographic node- disjoint path routing 
protocol in simulated network with different path degree. 
Finally, we find the correlation between the minimum end- 
to-end delay and the path degree along their route. 
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